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Abstract
Adl2-induced tumors were homogenized and fractionated by the SCHNEIDER’S method.
The CF test with the serum from tumor-bearing hamsters revealed the predominant presence of
T-antigen in the mitochondrial and microsomal fractions. Hence, the rabbit was immunized with
the microsomal fraction of tumors, and its serum was used to prepare the fluorescent antibody
to T-antigen. The direct staining of the tumor cells with so prepared fluorescent antibody gave a
staining pattern similar to the indirect staining with the serum of tumor-bearing hamsters. It thus
appeares possible to stain T-antigen by the direct immunofluorescent method using the serum of
rabbits hyperimmunized with the microsomal fraction of Ad12-induced tumors.
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Among various viruses of human origin, adenovirus type 12 (Ad12)
was first reported by TRENTIN et ai. to possess a high tumorigenic activity
to newborn hamsters (1-3). Subsequently, HUEBNER et ai. (4, 5) reported
the presence and the analysis of specific adenovirus complement.fixing
(CF) antigens in virus-free tumors.
POPE and ROWE (6) reported the presence of an antigen different
from the viral antigens iii the Ad12-induced tumor by the immunofluores-
cent method. SHIMOJO et ai. (7). have also pointed out the early appearance
of tumor antigen (T.antigen) in the virus·infected cells by the CF and the
immunofluorescent method. In the present experiment, the distribution
of T-antigen in the cell fractions of the Ad12·induced tumors was studied
by the CF test, and the microsomal fraction in which the highest anti-
genicity was contained has been applied to the preparation of the fluores-
cent antibody to T.antigen.
MATERIALS AND MEl,'HQD
Tumor homogenate and tissue fractionation: A part of Ad12-induced tumors were
minced and homogenized in 0.01 M phosphate-buffered saline (pH 7.2). The
remaining portion of tumors was fractionated by the SCHNEIDER'S method (8,
9) into fractions of the nucleus, the mitochondria and the microsome.
Serum: The blood of tumor-bearing hamsters was collected by puncturing
the orbital venous plexus with a capillary tube and the serum was separated
by centrifugation at 2,500 rpm for 10 minutes.
CF test: This was done by the plate microtiter method of KRAFT and
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Preparation of fluorescent antibody to T-antigen: The microsomal fraction was
mixed with Freund's adjuvant (complete Freund's adjuvant, Difco) at l: 1(vIv) and injected intramuscularly into rabbits 4 times at weekly intervals (5-10 ml per injection). Six months after the last injection, the antibody titer
was checked, and, when the rise of titer was confirmed, a booster injec-tion was done. Five days later, the blood was collected and the serum was
separated by centrifugation at 2,500 rpm for 10 minutes. The serum wasfractionated by a half and one-third saturations with ammonium sulfate. The
r -globulin fraction was conjugated with fluorescein isothiocyanate, purified by
column chromatography on Sephadex and DEAE-cellulose, and the F IP ratio(1.25) was determined. Before use, the fluorescein-conjugated r -globulin solu-tion was adsorbed twice with acetonized rabbit liver powder, and, when
necessary, with acetonized hamster liver powder.
Immunofluorescent staining: The direct immunofluorescent staining (11-13)
was done as follows: stamp specimens or cryostat sections of tumors werefixed in acetone at room temperature for 10 minutes, stained with fluorescein-
conjugated r-globulin solution at 37°C for 30 minutes, washed 3-7 times with0.01 M phosphate-buffered saline (pH 7.2) and embedded in EIuvanol.
The indirect fluorescent staining (25) was done as follows: the fixed pre-parations were covered at 3rC for 30-60 minutes with the serum of tumor-bearing hamsters diluted 1 : 10 or 1 : 5, washed with phosphate-buffered saline5 times, stained with fluorescein-conjugated anti-hamster-r-globulin antibody
at 37°C for 30 minutes, washed with phosphate-buffered saline 3-5 times and
embedded in E1uvanol. Nikon fluorescent microscope (Nihon Kogaku Co.) was
used for observation and Fuji color ASA 100 and Anscochrome ASA 200 were
used for photography.
Histological observation: The tumor tissues used in the experiment were
stained with hematoxylin-eosin (H-E) and May-Giemsa stain for observation ofthe tissue and cell morphology.
RESULTS
Distribution of T-antigen in tumor cell fractions: All of the homogenate
and cell fractions of tumor tissue showed recognizable complement-fixation
with the serum of Ad l2-tumor-bearing hamsters, and did not with the
serum of normal hamsters (Table 1). The mitochondrial and microsomal
fractions had much higher CF antigen titers than others. As shown in
Table II, the CF antigen (T-antigen) in the microsomal fraction was heat
labile (56°C for 30 minutes) and ether.stable (20 % ether for 2 hours).
Localization of T-antigen in tumor cell by immunofluorescent method: By
the direct staining with the fluorescent antibody prepared from the rabbit
serum hyperimmune to microsomal fraction, granular fluorescence was
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Table 1 CF test with homogenate, and fractions of nucleus, mitochondria and
microsome of Ad12-induced tumors, and serum of tumor-bearing hamsters
serum))
No. 1 No. 2 No. 3 No. 4 No. 5 No.6
antigen (control)4)
homogenate 43) 8 8 16 4 2
nucJeus2) 4 4 8 4 4 <2
mitochondria2) 32 32 64 32 32 <2
microsome2) 32 64 128 128 32 <2
1) The serum of Ad12-tumor-bearing hamster (diluted to 1 : 10)
2) Fraction of Ad12-tumors by SCHNEIDER'S method
3) Reciprocal of the highest dilution of antigen which gave positive CF
4) The serum of normal hamster
Table 2 Characterization of CF antigen in microsomal fraction of Ad 12-induced tumor
CF antigen treatment CF titer2)(microsomal fraction)
Tumor Ad12-5 original 1283)
(l : 2))) 56°C, 30 min. 8
2096 ether treated 64
Tumor Ad12-8 original 64
(1 : 2) 56°C, 30 min. 4
2096 ether treated 32
Tumor Ad12-l8 original 128
(l : 4) 56°C, 30 min. 8
20 96 ether treated 32
I) Initial dilution of antigen
2) CF antigen titration was done with the serum of Ad12-tumor-bearing hamsters (l : 10)
3) Reciprocal of the highest dilution of antigen which gave positive CF
seen in the cytoplasm of most tumor cells, which was particularly brilliant
at the cell membrane and in the area adjacent to it (Figs. 1, 2, 3). A few
fleck-like fluorescences were also demonstrated in the cytoplasm (Fig. 2).
The nucleus of a few tumor cells had the spot-like or entire fluorescence.
In the blocking tests, the stainability was markedly diminished. The
normal hamster liver tissue stained in the same way did not show any
specific fluorescence.
By the indirect staining with the serum of tumor-bearing hamsters, the
cytoplasm of most tumor cells showed granular fluorescence which was
particularly marked around the cell membrane (Fig. 4). The nucleus of
only a few tumor cells showed spot-like or entire fluorescence. When
stained with the sera of normal hamsters, the fluorescence was not detected
at all.
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The site of tumors, the nature of tumors - the primary or transplanted,
and the method of preparation of specimens showed no appreciable dif-
ferences in the pattern of fluorescent staining.
The histology of the tumors used in the present experiment is the
same as that reported previously (14).
DISCUSSION
It has already been clarified by HUEBNER et ai. (24, 4) that the serum
of hamsters bearing Adl2·induced tumors contains antibodies that react
with adenovirus CF antigens. Of these antigens, a particular attention
has been called to T-antigen which is found in the tumor cells (4-7), but
is not viral component. HOGGAN et ai. (19) have demonstrated the produc.
tion of T.antigen at the early stage of cytolytic infection in the tissue
cultures of KB and human embryonic kidney cells.
The CF tests with the serum of AdI2.tumor.bearing hamsters revealed
the presence of high CF activity in the mitochondrial and the microsomal
fractions of Ad 12.tumors. This indicates that T.antigen is contained more
abundantly in these two fractions than others.
The CF antigen in the mitochondrial and microsomal fractions of
Ad 12·induced tumors was ether-stable and heat labile. These characters
coincide with those of T.antigen of Ad 12-tumors prepared and reported by
other investigators (4, 20).
The direct staining using the rabbit serum hyperimmune to the
microsomal fraction, gave a fluorescent.staining pattern of Adl2.tumor
cells similar to that by the indirect method using the serum of tumor-
bearing hamsters. This fact suggests that the direct immunofluorescent
method using the serum of rabbits hyperimmunized with the microsomal
fraction can be used to demonstrate Adl2 T.antigen. Since much antisera
can be obtained from rabbits, the direct immunofluorescent method using
Fig. I Stained by direct method. Specific immunofluorescence both in the cytoplasm and
nucleus: diffuse, gran'.llar fborescence is prominent in the cytoplasm, Farticularly in
the vicinity of tumor cell me:nbrane. Tumor sta:np X 200
Fig. 2 Stained by direct metho:!. Two tumor cells with brilliant, granular fll,;orescence in
the cytoplasm: the nucleus also has specific fluorescence. Allows point to the cytoplasmic
fleck-like fluorescence. Tumor stamp X 400
Fig. 3 Stained by direct method. Fluorescence is marked in the vicinity of tumor cell
membrane. In the nucleus of a few tumor cells spot-like as well as entire flt:orescences
are observed. Tumor stamp X 200
Fig. 4 Stained by indirect metho:!. Diffuse, granular fluorescence in tr.e cytoplasm; it is
particularly predominant in the area of the cell membrane. A few tumor cells have spotty
or entire fluorescence in the nucleL:s. Tumor stamp X 200
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the hyperimmnne rabbit serum may be superior to the indirect method
using the serum of tumor-bearing hamsters.
The findings of the immunofluorescent study of T-antigen in the
present experiment mostly correspond with those by POPE and ROWE (6)
and KALNINS et al. (21), except for the fact that the fluorescence of T-
antigen in the cytoplasm is of a granular form diffusely distributed and is
particularly dense in the vicinity of cell membrane.
The fact that T-antigen of Adl2-tumor is distributed predominantly
in the cytoplasm as observed by the fluorescent antibody method, is a
strange contrast to the predominant distribution of T.antigen in the nucleus
of SV40-and POLYOMA-induced tumor cells (22, 23). This may be due
to the difference in the mechanism of tumor induction by these two groups
of viruses.
As reported previously, the fluorescent staining of Ad12.tumor cells
with fluorescein-conjugated antivirus y.globulin did not show any specific
fluorescence (26). The infectious virus has not been isolated from Ad12-
tumor cells up to date (15-18, 27, 28). These findings may suggest that
T-antigen is different from viral antigens.
SUMMARY
Adl2·induced tumors were homogenized and fractionated by the
SCHNEIDER'S method. The CF test with the serum from tumor-bearing
hamsters revealed the predominant presence of T-antigen in the mitochon-
drial and microsomal fractions. Hence, the rabbit was immunized with
the microsomal fraction of tumors, and its serum was used to prepare the
fluorescent antibody to T-antigen. The direct staining of the tumor cells
with so prepared fluorescent antibody gave a staining pattern similar to
the indirect staining with the serum of tumor-bearing hamsters. It thus
appeares possible to stain T-antigen by the direct immunofluorescent
method using the serum of rabbits hyperimmunized with the microsomal
fraction of Ad12-induced tumors.
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